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Abbreviations
MCA middle cerebral artery
MRA magnetic resonance angiography
MRi magnetic resonance imaging
NOVA noninvasive optimal vessel analysis
PCMR phase-contrast magnetic resonance
TOF	 time-of-flight
A recently commercially available software, noninvasive 
optimal vessel analysis (NOVA, VasSol, Chicago, USA), 




interest	 for	 decades.	 Although	 phase-contrast	 magnetic	
resonance (PCMR) angiography has been available since 
the early 1980s the practical application in clinical settings 
was	time	consuming	and	not	fit	for	routine	[1].	The	develop-




patients with complex disorders, especially as the method is 
driven	by	a	graphical	user	interface.
The	 NOVA	 software	 uses	 magnetic	 resonance	 angio-
graphy	technology	(MRA)	to	quantitatively	measure	blood	






version was available for 3 months and delivered with a 





but	 the	 manufacturer	 confirmed	 that	 1.5	Tesla	 machines	
should	perform	just	as	well.	The	TOF	image	is	sent	from	the	
imager to a separate workstation which is linked to the MR-
imager	and	has	the	NOVA	software	installed.
The	 2D-TOF	 images	 are	 cropped	 in	 axial,	 sagittal	 and	
coronal	planes	and	fitted	to	yield	a	3D	surface-rendering	of	
the	vascular	anatomy	(Fig.	1).
This	3D	model	(Fig.	2) helps to locate the desired ves-
sel	and	ensure	proper	positioning	of	a	slice	of	interest	(cut-
location)	which	 is	 automatically	 oriented	 perpendicularly	
to	the	vessel	when	placed.	The	quality	of	the	TOF	is	cru-








The	 selected	 cut-locations	 are	 then	 transferred	 to	 the	
MR-imager	for	blood	flow	determination.	According	to	the	
selected	module	 (this	 test	 version	 came	with	 a	 head-neck	
module	but	body	modules	are	also	available)	there	is	a	pre-




























Fig. 2	 Resulting	 three	 dimensional	 model	 of	 vascular	 anatomy.	 A 
anterior, LPCOM	left	posterior	communicating	artery,	R right, RACA 
right anterior cerebral artery
Fig. 3	 Identification	 of	 the	 vessel.	 Magnitude	 images	 (lower left), 
phase images (lower right), model (upper row)
Fig. 4	 Color	coded	velocity	images.	Velocity	highest	in	center	(red), 




            
            
            
            Fig. 1	 Example	of	three	dimensional	surface-rendering	of	the	vascular	anatomy
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2.	 	Color	 coded	 velocity	 images	 from	 the	 magnitude	 and	







The	 system	 is	 set	 up	 to	 automatically	 estimate	 the	 venc	







Experience has shown that corrections are necessary if 

















a way that all of the above described steps are meant to be 
accomplished	by	a	trained	technician.	As	technicians	have	











known	 stenosis	 of	 the	 left	 carotid	 artery.	The	flow	 in	 the	 left	MCA	
drops	 from	154	ml/min	 to	 137	ml/min	with	 inhalative	CO2	 stimulus	
which	was	interpreted	as	a	reduced	reserve	capacity	of	the	MCA	terri-
tory.	However,	the	manual	naming	of	the	vessel	(LMCACO2_2)	(see	
Fig.	7) omits its mapping on the graphical vessel map
            
Fig. 7	 Vessel	 report	 shows	flow	 for	 the	 performed	 study	 in	ml/min	
(left column)	and	normative	values	for	different	age	groups	(right three 
columns).	TCF	 total	cranial	flow,	LCCA left common carotid artery, 
RCCA right common carotid artery, LICA left internal carotid artery, 
RICA right internal carotid artery, BA basilar artery, LMCA left middle 
cerebral artery, RMCA right middle cerebral artery, LACA left anterior 
cerebral artery, RACA right left anterior cerebral artery, TACA both 
anterior cerebral arteries, LPCOM	left	posterior	communicating	artery,	
LICASTENOSE stenotic left internal carotid artery, LMCACO2_2 left 


















The	 browser	 includes	 a	 summary	 which	 contains	 the	
values	of	all	vessels	studied	(Fig.	7).	If	both	vertebral	arte-
ries	 and	 common	 carotid	 arteries	were	measured,	 the	 list	
includes	 the	 total	cranial	flow	(TCF),	which	 is	a	nice	and	
easy	way	 to	compare	preoperative	and	postoperative	flow	
results	and	depict	hyperperfusion.




Snapshots	 of	 3D	 images	 indicating	 the	 location-cut	
for	 each	 vessel	 measured	 are	 part	 of	 the	 report	 browser	
(Fig.	8).
Conclusions







and	 the	 acquisition	 time.	The	method	 has	 some	 technical	
weaknesses,	such	as	assessing	small	vessels.	These	uncer-
tain	 results	might	 benefit	 from	 a	 validation	with	Doppler	
ultrasound.	The	test	version	leaves	room	for	improvement	
with	 respect	 to	 listing	velocities	 in	cm/s.	 It	would	also	be	
useful	if	for	each	module	the	predefined	list	of	vessels	for	
analysis	 could	 be	 customized	 to	 the	 institute’s	 interests.	
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Fig. 8	 Snapshots	of	3D	images	
displaying the site of the loca-
tion-cut	for	Left	Middle	Cerebral	




            
